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and XsARGB Specs (V 0.4) 



typical RGB profile oTpc ml?. "^ /P""^ ^^B was intioA^^^ '^"^'^ ^ 

scaler or digital cam^^taS^!r°f« «PPii«i ta the ima^ fejl^^^ '^^^ 
cotor ^ai'to ^^stlsS oS? ^GB color space called X^J^rn 

component caUed "alpha chaTiT,*.J»; . effects are handled ^ 

near value, the humans can notice 
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n. Color Sp a<»A« 



The Kght is made of electro-magnetic wave«! a. 

century. In early 20* centurrSrhr,t T?^''^^P''y^^^ Maxwell in 19* 

properties as energyparticlescSie^otm H^tf vl'^'' displays ^ 
to either by wave-length or by -^^^ ^1^^^ l"^^' ^'^'^'^^ ^<^rding 

according to its wave-^gths VTSly^^i 'Z'^? ^ <*iff««nt 

visible, ultra-violet, X-ray. and nammT^L ""crowave, infia-r«L 

contumousspectmm of the light U^m^^T^ V^^°^*°''^P^io^Bt 
detailed spectrum of the Hghf on l^C^^^'J^"^ ™d«^d the 
device that can give us the U^usi^of flie^Jr^ " ^"'^ that we can create a 
only three different colors. lW^/of eoS^Z'7,^ '^S^^ ''^ 
gave the foundation for the human ^o^e^^^ot ^ ^^SOs 

human device color space. CIE X^^l 1 5 i '^^ard CIE XYZ as the 

po^ble to calculatelYZ ^c^m^^te T^^'f"" """^ ^ ^^^^ 
cm XYZ is the device mdependSi cZ^L ^ «>J«^'- Hence, 

petceptioa aependent color space that is closely tied to the human colo^ 

The most coavem'ent and well used cninr • 

RC® means different in di^«^^ ^^^oS "Z^^^^^^^ T 

space was introduced. sRGB color See rSSlt/^h "^^^^ ^'>Ior 

raomtors. It has the explicit mathonS^ ^« tyP^al PC 

Hence,sRGBisthedeS^eZSfoS^^^!r?P',^* «Paca 
When image is stored in sRGB^^^i°^f^^^ 

correction in most monitors since rnSTw Ae^^?^ 7^*'^ any 

an advantage of using SRGB. How^Te^^^w ^""f^""^^^ This^ 

fiorn other types of%evices sSr«^t^'^,^^2^^^ «^ 

dispkyable colors may go out of the g^^ sRGB SSl S^^e of their. 

stored m sRGB. some of fte oriidnal idwl ?5 in^ages are 

cannot utilize the printer's coloX gTSe ofl^J"";* ^T.^ " ^ ^ 

the device independent color spacewe o«f gamut of sRGB color space. As 

can cover the gamut of existing d«vl.;: 1^ rZ.^r' a large gamut so that it 

cover the gamut of aU die existing devki AeTn!"^"^^ 

systems can be expressed in terms f f SgB c^r ? "^"^ °^ managemem 

P~ XsRGBcanexpr^^JS^tsrrfSLr^^^ 
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Ig.Mea3uremfntofrolorandrnln.r^.,..,r,|„„ 

XsROB color space is mathematically well defined a 

can be converted to XsRGB color r mS^rl^'*^'^"^?'^- ^»»«>lor 

spectrometer. ^ measuring a color patch by colorimeter or 




When a color is measured in GIF W7 j • 

Conxion error or no"Sn«?I^^^^ w^^^?g t "^^^^^ - - 
there^aconversionenorandalsocanhaveT^X?^ *° 




Nboonvereibneiror 
No gamut loss 

Hg. 2. Cowersion Relationships between CIE XYZ. XsRQB. 



sRGB 
and 

other RGB standard 



and other RGB color space. 
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Th© diScrcQcc of CUT? yv7 j 

sKGB needs moie woifc <Jmo^ v«n/iiT> . ^ 8^"^ while CIE YVr *^ ^ 7^ 

™^i.moni,orX„,^^ .RGB ^ i. ^"^^-"^^ 

use uS 1^® "ta*"- ™ cr^"1S 





Proffles of the printer. ^ P^*« venders shouJd siq,p|y ftelefeS 
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Fig. 4. Printing the color patches to a printer. 



B^kbody radiation (hereafter refJJTl^l^-^^^ ^^"^ ^ «00K 

relative colors around the white Ss a^mL^J^J appearance color matches, the 
monitor output In the exact color'Ses^eTm^r;'^ ^ P™*^ «<i 
m the pmiter output and monitor ou^r ^GB^i^ "^"^^ th«nselves am matched 
appearance matches in the monitors aS minSjS ^ ^ Hence, the 
mconvenience we have defined ^SbZ^^so'^'".^ 
^pearance matches. ^ aiso ioruso. This will ease the work of the 



|V. Translncencv and Alph. r^i^nnnrl 



S^HoL^et^^^l^^S^t^^^^^ Itis becoming 

advancegr^cssy^eniS^rLtiS^^^ ^ ^S^^- ^ 

used m anti-aliasing. ITiel^ha valueTs dSn^if^Ll 1^^^ ^ alpha chamiel is 
means completely transparent and 100 % mZ.!^ the translucency of the hnage. 0 % 
background and for^und areTixed ^ ZZ^"^!^'^^ 

correcfly. we need to have the Sr vl^ wS 1° «nier to do blending 

However, sRGB or other pioposS RT^^T 7^. proportional to the luminosity 
examples. sRGB has the gE^STs^*^,^ "^'^ re^S. S 

value of 1.8. First we mSS^ihose^^f ' 13" monitor RGB has the gamma 
the results are stored as linear RC^ftTb^^^'t^*? *^ blending. When 
not fine enough for humans. tL 1 n„?^ ^56 levels of diades^ 

Because of those artifects in 8 h^pZ c^^CZtT"^^ ^ '^'"^ "^^O'- 
gamma correction. The blendine Men,H™?^ ^ blendmg operation neglect the 

ITiis crates the artificts ^^IS^"^ 'ZlJ''"'''^''^ ^^'"^ 

ip^b^C^Xo^t^^^^^^ 

order to allow aimer color space XsRfS~- ^f*^*°^'^'"^^stofed linearly In 



1. 

2. 

3. 
4. 



7. 

8. 
9. 



V. Probtem Arfrf.^,rf| 

We have addressed the following problems: 
sRGB has nanow gamut 

p'^^t^Kt^:r'-"^wheothecolor^ 
IJecu™ color management is coinplicated 

6.- we\t3ra°ti£^'rraTt,''rr'^^^ 

degrading the on^f™ "^^^^ colors without 

' effidX'°''"''''°^'''°'"^*""^^^-^'^ta^^ 
How do we handle the excess alpha values 
Sometmies. we need detaUed information in daik area. 

We have solutions for the above problems. 

4 ™=«>l<>rpt»flb venders do not tare to cLI; .!- 

not have to nraJfaeBfae to cSk^rS. Tl? T?"" S»mut ml fl^y do 

gnnnavduesmdiffer=.tcolS^ 

profile. -^^Gfi fonnat without attachmg ICC 

««w.c„tav:sSbi^'^sr'''^'*"'*''^"*»"«> 

We allow XsRGB and VcAprri * \. 
VI. M«tli«...lo,| pnrm.t VTPnn 

cr^Z^::'^rr:^^^^J-^^,77^ Henc.itcanrelatelinearlytoI931 

components, respectively. Letl^ y red, green, and blue 

y- l-et ^, y . and Z denote 1931 ICE XYZ values but they are 
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normalized XsRGB and 







fx' 


Go 




Y 


Bo 




Z 









(la) 



where 











'-1 
















m^y 




h 




0 


0 


0 


1 



(lb) 



We need only 12 coefBcients to define XsrWr r« aau. 

etcO. -aUowthetranslationalpST/ IT 1^^' "^"^"^ ^ "'^ ' 
wiute point as weU black poin^ Usto^Th^ / «J*ess the 

relation from XsRGB to OEXYFspaS^^gieL^;^ "'"^ ^''^^ 

reverse 





















z 











(2a) 



where 









"-r 
















"z 


0 


0 


0 


1 



(2b) 



fbe"XSrSS^»^^^^ indeed, wewantXaRGB 

thecoeffidentsofEq.(lb)and4^J^^d:;i^^ FK>n. sRGB spec. 

"3.2410 -1.5374 ^0.4986 0^ 

-0.9692 1.8760 0.0416 0 

0.0556 -0.2040 1.0570 0 

0 0 0 1 



M 



DSS 



(3a) 
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and 



'0.4124 0.3576 0.1805 0 

0.2126 0.7152 0.0722 0 

0.0193 0.1192 0.9505 0 

0 0 0 1 



(3b) 



White point of D65 is = (0.3127.0.3291), the conesponding CIE XVZ 



^Da =Xj^/y^s 0.9502 
J'oK =1.0 

[Zois = (I.O-j:^« -yD6s)/yo^ = 1.0887 



(4) 



fransfonnedbytfaescalingmatrix ^ appearance match must be 



0 
0 
0 



and its inverse is 



0 
0 

0 



0 


0 


0' 


1 


0 


0 


0 




0 


0 


0 


1. 


0 


0 


0] 


1 


0 


0 


0 


2JZo^ 


0 


0 


0 


1 



(5a) 



(5b) 



Thetransfonnationmatrixfix)mXYZtoX5RrTRotfi,- i.- 

m ^ I.C to ASRGB at this white point is given by 

and its inverse matrix is given by 



(6a) 
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For an example, the white point of D50 is U 

contBsponding CIB XYZ value ]s (X v ^^^"'•^*»^ = ^0.3457.0.3585). The 
scaling matrices are '>»'^«o>^wo) = (0.9643,1,0.8251). Hence the 

0 01 



and 



0.9854 
0 
0 
0 



0 
1.0 

0 
0 




(7a) 




(7b) 



Theresultant transformation matrices for D50 ^: 



are: ^ 



and 



3.1937 
-0.9550 
0.0548 
0 



-1.5374 
1.8760 
-0.2040 
0 



-0.6579 
0.0549 
1.3947 
0 



(8a) 



0.4185 0.3629 0.1832 0] 

0.2126 0.7152 0.0722 0 

0.0146 0.0903 0.7204 0 

0 0 0 1 



(8b) 



Fig. 5 shows the XsRGB values th« . . 
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1i) ■ 




w aj 



Fig. 5. XsRGB and cm chromaticiiy diagram. 



0.9 1J) 
O 

(R, B} « (3^, ox»6) 



-0.50. 0.04. 1.01), respectively ^^11^^' T ' ^'^^^ -0-20), and 

in the xy-chromaticiVdiaS' H^cf ^ive the same pointe 

above^^e.^^OB^illcrthe'^X;^^-^^ ^ 

^^'ZIT^^ZX l^thtT r ^"^^ -pone. ,0 

donothaveaaypn,bSiS^ig^^^ Hencew^ 
we use 16 bit each venaoa oIxs^GB^I^Z^V^^kT^ °f "^^^^ 
the mteger part. Hence, we have 13 biS Ae TJ • 1^'^ ^""^ ^- ^ 2 bits for 
XsRGBby 8192(=2"): Ti.c 16 4 def^ion o^R^'" We multiply the normalised 
by " aenmtion of RGB components of XsRGB is given 



(9) 











= 8192x 
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Equation (9) is much simpler than the d^fi„ *- . 
In sRGB spec, the temm b«wM„ eaoi, « 

f^ll (equri « le« tte> 10), I is JSo*!^ ^ °' ' cmp™^. fa 
« h^, it is »,»»s«l »'-,^t??4 Bnearly'whe. " 

whK* IS the value we u«X see ,d™°^' P""™"!"" » regarded ml? 
'ROB, see HP's sRCffi ^r^^^'^Jf " fteher SX" 

component) fcrD50, we .Bed (he sS^^^?" the sBrdad RGB (8 bit ead, 
"toons apply ,0 conversions to^l^SST" *»«"lowS 

?sssr'-"""-"--"'-"«r.e'^r.^ 

are wia s on srGB, respectively. Their relationshq)s 

Co - C, /8192 (This corresponds to the noimalized linear XsRGB) 
r,'~ forC„<0 

C3=12.92xQx255 for O^Q <0.00304 (0<C ^24, 

forC„>I(C..s8192) ^/q^ 
We have clipped blow 0 and above 8197 of i.-. v 

SRGB. Ihis is our defeult and S^ILe f w^y f *<> 8 bit 

chppmg routines to produce the optimal 8 "^""^ ^ 

The reverse relation ships are: 

C,«=2.4865C, ^ « ^ 

C.,=8192x[(C,+14.025)/269.025f* forHsc,^255 

Our • ^^^^ 

alpha'Sd c^\?^e«Jly ^^hSSc^^^ with 
v^d^s can easily create xS^^me^\Zr^ ^ ^f"- The oolor device 
used for color reference, there is Tne^ to ro^.^ is 
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color component ^ m not more than 12 bit in™ 

For XsARGB, we add the additional Ifi w* 

regarded as transparent and opaque. respectivtrL . « ^ ^ oF^, ai^ 

constitutes one color value. iSTm tol^/r^^^ 

component (^,Jl.„G„.5„) . We ^fed it th. '^•»P°°«^t obtain XsARGB 

prmultipHedcolorsare^S^^uTSfr ""^^^^ of 

When we process blending operations, it is 

multiplied by the ^ip^^wTcl T^ '"^""^ *° "^'^ ^^^^ -^ich are 

M«ltiplying8192toeachcomponeJt,wtb;inX.AP P^^-^^cd XsRGB. 

We call this the premultiplied Si ^"^^ '^"^"^ <4-^« . C?/* . 5;, ) . 

Howaboutthe 

^ha in the following wa^ ^^w oX ' "^"""^^ of 

D. we obtain the ^ItJirnZ^Z ' '^"^ ^' ^ti°««o« im^e, 

(12) 

^ge S at the considering pixd vS^ T- o ^ t^e source 

fte destination image, ^ca^ ^J^^tT "^^^^^ as 
IS the same as flie source imagT ^ cilTcS?^ " ^ = 1' «>e resultant imag^ 
1. the resultant image is the^4eilSe t'^'''' between 0 aS 

Usually ,r is translucency param^er r^2^^ 5f "^^^^ destination images. 
However, if you look at Eq TiJS^ ^™ transparent (- O) to opaque f= n 

destmation images. Figure 6 sho^ ^e ^'^^Polating the source and 

parameter. We can aUow a tobe it thin n 1 "^^^lation/extrapolation 
super transparent" and a>l "supero^tque." ^ ^' 

can call £ir<0 
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Fig. 6. Alpha value regarded as mterpolation/extrapolati. 



^on parameter. 



yjn. Data Sfrncftire anrf Tmap. ^-rmM 




Table ^•RGB48{aXsRGBcolorinmemary) 



campdnent Each con^Sris* S Je'ST^T' ""tJ^"^^ ^ 
1.0. When it is saved kS^ffle^S^il^ST^^^ The value 8192 is inteq>reted as 
for the blue con^ouent, the^ ^ h^^^"^"^ P"* the first ^ bytes 
t-) bytes for the^c^n^rtt^'^rtS^^^^ 



63-48 
Alpha 


1 47-32 1 


31-16 ~ 






|Red 


Green 


liilue 



Table 2. ARGB64 {aXsARGB color in memory) 

into a memoiy. 0-15 bits are the bliTwm^ v-^ component) color is put 
47 bits are the red con^n^^^^fZ^'^ll^'' ^ '^^''^^ 32- 
u^ adgned 16 bit integer. Tie value 8^ fa in^^ Each component 

file. Intel's Ltttie Endian conventi^ v^i^^^!" ^* ^« ^^ed into a 

next two bytes for the green c^p^nS ^ ^ ^^"^ component, the 

component.andthela^^bSSe^w^'^"'"'*^'^^^^^ 

ARGB64. ^ ^'P^ component We caU this color fonnat 

Whai the data is stored in linearly even our i a wt „ i 
detailed shades. When more details are jv*ni,:»^<- 

may not be sufficient to store the 

we ^ assign special range m each (^Z^S!!?^ *^ ^^^^ component, 

our fornmt can allow each comWeS^SC! !^ ^ 
widunOtol. WecanassiS^^"^^;:^^--^ 

^ved.fferentscalesfiomthede^ultXslGBand';^bB^^^^^^^^ 
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gUffigge Faters and rpmpresrinn. 



In addition to tbe higher accuracies RGB48 and AJtrn^ u . 

and beyond 1 (in tenns of the normj^^tf^.^ '^^.^'^ ^elow 0 

-agefihering. Suppose we apply a scl^;^L;TK'°f^^ 

oDjnponent value may go below 0 or go above I ^JJL" '/'' 

filter, we nuty not get thecorrcctres^Tamre^F^^^^ 



f/W = x-0.5 
l/2(*) = :c + 0.5 



(13) 



The correct result of /. o /: r*) s /•/^/•/'r\wi. i^v 

ofexcess range in the color soace th^ ml<«l!^r ^® With our invention 

psultisclippedtotheranSS^tp^^^e Ci*""^^ OtUyTfeal 

mterpolation. It simulates fte sync Snnl^Jf/u ^""^^ «^ample is the cubic 
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fimctionastheprobabiUty. Unless we ir.«» 

st^we caimot obtain tbe corrccTZ^^^'S" ^"^^^^ 

d^on so that the intennediate states «nW ^^ ^^^^ ^ a* this 

tr^sfonnproduc^thecomplexnm^^rJS*^'^**^"^^^^ The general Fourier 

transfonn that always pn>duce fee nSLSTT'J^^y'^^^^^^ 

used to store the convohrted ^effic^^^" ^ ARGB64 format can be 

signed numbers. «>emcients of sme or cosine transfonn which required 

^general, we can store n^ensional variables f s ic j: 

*eRGB48andARGB«. T1».„.e„^^ J^'^^^^-^in 

are oaer examples. "ransfoims, etc. Abo Box filtos and other fflteis 

algorithms are weU defined in n^^^^ilT 1!!"^ ^ °f *e above 

algorithms to compress RG^S J^oT^^r T ^compression 
m JPEG itselfi we need to mo«K^cS« 

fi-herdetailsofJPBGcomp^ot^ir^t^?^^^^^^ For 

canuseRegiontoLcribethe^^dtm^tr^ We 
For loss-less case, we do not n^ftT^SXf*!^ T^."" «^ lossy case, 

images. "P^'^^ ^«»tment for the multi-cotor resolution 
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^gggggfeALPrg nuWpUed Colors 

(Al) 

Hnage P to create another in^ge, Wetrto °'''''f^ ^'S*' ^ on top of fte 

result does not depend on the ^JlZttiyi^"" ^'^^'^ so that fte final 

T tn^ (A2) 
written as ^ '^1 ^"^^^^n (^) each color component can be 

(A3) 

must be coefficients of a, the alpha vahie of the composited ima^D 

(A4) 

(A3) 
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Reference 

Microsoft, "Color Mmao/nr,^* • ^ 
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